Implications of research on assays to characterize thyroid toxicants.
Many aspects of thyroid endocrinology are very well conserved across vertebrate taxa. These aspects include thyroid hormone chemistry, the mechanism of its synthesis, and the proteins involved in these processes. In addition, the system by which the hormone is delived from the thyroid gland to target cells, including transport and regulation within the hypothalamic-pituitary-thyroid (HPT) axis, and the proteins that regulate the different components of this delivery system appear to be highly conserved across the vertebrates. Finally, the receptors that mediate thyroid hormone action and the roles thyroid hormone plays are very similar among the vertebrates. Thus, the goal of this chapter is to provide a brief synopsis of the literature supporting existing screening and testing strategies in different vertebrate taxa, and to provide insight into the strengths, weaknesses, and likely changes over time. It was determined during this review that, because of the complexity of the thyroid system, it is unlikely that current in vitro assays for thyroid toxicity will be able to sufficiently replace in vivo assays for thyroid toxicants. However, the in vitro assays serve an important purpose in providing mode of action information and could provide potential screening tools, and should continue to be developed for use. Moreover, because in vivo assays are added on to preexisting reproductive or developmental screens and tests, there are no additional animals required for the in vivo assays. Specific in vitro assays were identified for development, including the thyroid receptor binding and activation assays, and in vitro assays to evaluate thyroid hormone action. Some in vivo endpoints suggested for further research included neuronal differentiation and migration, measures of histogenesis, and measures for thyroid gland thyroid hormone content, which may be more sensitive indicators of TSH stimulation. The most commonly used endpoints currently used to monitor thyroid function are thyroid hormone levels (T3 and T4), TSH, thyroid gland weight, and thyroid histology. Thyroid endocrinology is rapidly advancing and new discoveries will certainly warrant incorporation into future assays. The development of additional endpoints that measure thyroid hormone's actions peripheral to the HPT axis and the development of new reagents for nonmammalian vertebrate species will significantly improve the ability of today's assays to detect chemicals that disrupt the thyroid system in multiple vertebrate species. It is our hope that this series of thyroid articles will provide regulators and research scientists the information needed for each individual to identify the assays and endpoints most suited for their specific purposes.